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Public Summary:

Defining the mechanism of SCP catalytic activity is providing new insight into how drugs can be targeted against this protein.
Functional studies of this protein indicate that drugs which inhibit SCP should enhance neuronal differentiation from stem cells. Treating
patients with SCP inhibitors might stimulate endogenous stem cells to repair CNS damage following injury or disease.

Scientific Abstract:

Human small C-terminal domain phosphatase 1 (Scp1) modulates the phosphorylation state of the C-terminal domain (CTD) of
eukaryotic RNA polymerase Il (RNAP II), with preference for phosphorylated Sers in the tandem heptad repeats of the CTD.
Additionally, Scp1 was identified as a conserved regulator of neuronal stem cell development. Scp1 is a member of haloacid
dehalogenase (HAD) superfamily, whose catalysis depends on a Mg(2+) ion and a DXDX(T/V) motif. The first Asp of the motif is
identified as the nucleophile that is subject to phosphorylation leading to a phosphoryl-aspartate intermediate. This high-energy mixed
anhydride intermediate is subsequently hydrolyzed to regenerate the enzyme. In the present study, we successfully captured the
phosphoryl-aspartate intermediate in the crystal structure of a ScpiD206A mutant soaked with para-nitrophenyl phosphate (pNPP),
providing strong evidence for the proposed mechanism. Furthermore, steady-state kinetic analysis of a variety of Scp1 mutants
revealed the importance of Asp206 in Mg(2+) coordination mediated by a water molecule. Overall, we captured the snapshots of the
phosphoryl transfer reaction at each stage of Scpi-mediated catalysis. Through structural-based sequence alignment, we show that
the spatial position of the D206 side chain is strictly conserved throughout HAD family. Our results strongly suggest that Asp206 and its
equivalent residues in other HAD family members play important structural and possible mechanistic roles.
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